nfectIon of the central nervous system (CNS) caused by herpes simplex virus (HSV) requires prompt diagnosis and urgent medical attention for treatment. 13 Herpetic encephalitis is often seen as a monophasic acute disease caused by HSV Types 1 and 2 (HSV-1 and HSV-2). The typical clinical presentation is acute encephalopathy and fever in adults and older children, but seizures, lethargy, and fever in infants and younger children. Unfortunately, a small proportion of patients diagnosed with HSV encephalitis can present with clinical deterioration or relapse over a varied length of time. The viral antigen and its DNA can be detected in the brain tissue or cerebrospinal fluid (CSF) in the recurrent/relapsing form of HSV encephalitis, and acyclovir remains the treatment of choice. 10, 13, 18 The diagnosis of HSV encephalitis can be more complex because in some cases, culture, immunohistochemical, and polymerase chain reaction (PCR) studies are negative because of a postinfectious immune mechanism. 18 In other cases, a progressive clinical course with worsening neurological deficits and seizures can be seen following the initial diagnosis of HSV encephalitis. 6, 10 This clinical course is called "chronic granulomatous HSV encephalitis," which presents as a biphasic disease. 13 Pathological findings are granulomatous inflammation with multinucleated giant cells, gliosis, and multifocal mineralization in the brain parenchyma specimen. 10, 13 In this report, we describe an 8-year-old girl with a history of previously treated HSV-1 encephalitis who later developed focal epilepsy. Progressive worsening of her behavior and academic functioning were attributed to her electrographic seizures and worsening electroencephalography (EEG) findings accompanied by electrical status ABBREVIATIONS BBB = blood-brain barrier; CNS = central nervous system; CSF = cerebrospinal fluid; ECoG = electrocorticography; EEG = electroencephalography; ESES = electrical status epilepticus in slow-wave sleep; HSV = herpes simplex virus; NREM = nonrapid eye movement; PCR = polymerase chain reaction; TLR = Toll-like receptor. Herpes simplex virus (HSV) encephalitis can manifest with different clinical presentations, including acute monophasic illness and biphasic chronic granulomatous HSV encephalitis. Chronic encephalitis is much less common, and very rare late relapses are associated with intractable epilepsy and progressive neurological deficits with or without evidence of HSV in the cerebrospinal fluid. The authors report on an 8-year-old girl with a history of treated HSV-1 encephalitis when she was 13 months of age and focal epilepsy when she was 2 years old. Although free of clinical seizures, when she was 5, she experienced behavioral and academic dysfunction, which was later attributed to electrographic focal seizures and worsening electroencephalography (EEG) findings with electrical status epilepticus during slow-wave sleep (ESES). 
In other cases, a progressive clinical course with worsening neurological deficits and seizures can be seen following the initial diagnosis of HSV encephalitis. 6, 10 This clinical course is called "chronic granulomatous HSV encephalitis," which presents as a biphasic disease. 13 Pathological findings are granulomatous inflammation with multinucleated giant cells, gliosis, and multifocal mineralization in the brain parenchyma specimen. 10, 13 In this report, we describe an 8-year-old girl with a history of previously treated HSV-1 encephalitis who later developed focal epilepsy. Progressive worsening of her behavior and academic functioning were attributed to her electrographic seizures and worsening electroencephalography (EEG) findings accompanied by electrical status epilepticus in slow-wave sleep (ESES). Resective epilepsy surgery was performed to remove encephalomalacia located in the right temporal and inferior parietal lobes. Electroencephalography and clinical features demonstrated improvement after epilepsy surgery with resolution of the ESES. Pathological analysis of the surgical substrate revealed the diagnosis of chronic granulomatous encephalitis. Her past medical and family history did not contribute to her diagnosis.
Case Report

History and Examination
At the age of 13 months, a female presented with fever, drowsiness, and focal status epilepticus. Polymerase chain reaction testing of the CSF revealed the diagnosis of acute HSV-1 encephalitis. Intravenous acyclovir therapy (10 mg/ kg every 8 hours) was administered for 14 days. Magnetic resonance imaging of her brain was performed 2 months later and displayed evidence of encephalomalacia in the right temporal and parietal lobes in addition to right mesial temporal sclerosis (Fig. 1) . At the age of 2, she presented with staring, eye blinking, and lip smacking, with left-sided jerking during the febrile illness. She became seizure free on lamotrigine. At the age of 5, despite seizure freedom, she began to experience academic dysfunction and a worsening attention span and to display aggressive behavior. Her EEG demonstrated abundant focal spike discharges with maximum amplitude in the right temporal regions in nonrapid eye movement (NREM) sleep, occupying 60% of NREM sleep recording (Fig. 2) . When she was 6, follow-up EEG recording demonstrated an increasing frequency in spike discharges, occupying 90% of the NREM sleep, which suggested the diagnosis of ESES (Fig. 3) . A 3-week course of high-dose benzodiazepine treatment improved her EEG findings and decreased the frequency of spikes to less than 1% compared with her previous EEG findings. When she was 7, her behavior worsened over 6 months, which was concurrent with tics, clapping, grunting, eye blinking, and impulsive and aggressive behavior toward her teachers and friends. Repeat EEG demonstrated focal spike discharges and electrographic seizures arising from the right temporal and parietal regions in sleep (Fig. 4) . The worsening course of the clinical and EEG features supported the diagnosis of epileptic encephalopathy. She was switched from lamotrigine to levetiracetam to control her seizures and the worsening course of the baseline EEG findings. Despite the dose adjustments, the EEG findings remained unchanged. Subsequently, highdose benzodiazepine was administered, which promptly resolved the ESES and electrographic seizures. Following a stable course of 6 months, a worsening clinical course, and the return of ESES, the high-dose benzodiazepine was stopped. There was 20% improvement in the ESES disease pattern without a significant improvement in seizures.
When she was 8, a number of diagnostic tests were performed to localize the EEG findings and seizures compromising left hemisphere function. A magnetoencephalog- raphy study demonstrated two dipole patterns, one located in the right posterior temporal lobe and the second in the anterior temporal lobe involving the mid-frontal region. Indeed, at times these dipole patterns overlapped starting from the posterior temporal region and developing anterior temporal mid-frontal dipole. Positron emission tomography revealed decreased glucose metabolism only in the left hemisphere sparing the right occipital regions and predominantly seen in the right temporal and parietal cortex. Repeat brain MRI with gadolinium did not reveal any significant change in encephalomalacia or cortical enhancement. Functional brain MRI was performed, and language function was mapped to the left hemisphere.
Considering the patient's clinical course with worsening behavior and academic difficulties, her case was presented at our epilepsy surgery conference to explore a surgical treatment option for her.
After the surgery conference, we believed that the presence of epileptiform discharges was indeed affecting her overall cognitive functions, social interactions, and behavior, although no obvious clinical seizure was documented in the earlier studies when she had been admitted to the hospital for video EEG monitoring. At this point, we believed that epilepsy surgery could prevent further decline in her cognitive functioning and prevent left hemispheric dysfunction, especially language functions, because of the presence of frequent epileptiform discharges mostly involving her slow-wave sleep. We also believed that there was no need for invasive video EEG monitoring via subdural electrodes. The patient was scheduled for electrocorticography (ECoG)-guided resection of the temporal lobe.
Surgical Procedure
An L-shaped incision was made to expose the frontotemporal and parietal regions with the incision starting in the region of the mastoid and staying to the right of the middle superiorly. Electrocorticography was performed after 6-contact strip electrode was placed over the inferior parietal, temporal, and inferior frontal cortex. Frequent spike and polyspike discharges were seen in all recorded areas. The gyrus involving extension of the MRI abnormality into the inferior parietal region was resected in a subpial manner. Then resection of the temporal tissue was performed, extending up to the level of the sylvian fissure pia-arachnoid. Once the neocortex was resected, the ventricle was entered for resection of the medial temporal tissue. Much of the tissue in the resected area was clearly abnormal, being somewhat boggy and liquefied, and portions were quite abnormally formed. Resection included the parahippocampal gyrus back to the level of the atrium. Posteriorly, the resection continued until normal-appearing white and gray matter was encountered. Once all the apparently abnormal tissue was removed, ECoG was then performed. Subsequently, postresection ECoG was performed, demonstrating the resolution of spike discharges in the inferior parietal lobe. The spike discharges were still present in the inferior frontal region.
Acyclovir prophylaxis was administered one night before the surgery to prevent a possible HSV infection reactivation.
Neuropathology
The neuropathological examination of the right anterior temporal specimen and right hippocampus demonstrated highly distorted brain parenchyma with cavitation, severe neuronal loss, tissue edema, extensive gliomesenchymal scarring, and marked hemosiderin deposits indicating previous hemorrhage(s). In the distorted parenchyma, there were multiple foci of mineralization with and without foreign body giant cell reaction and chronic inflammation. The inflammatory cells consisted mainly of T cells (CD3+). Multinucleated giant cells were CD68 immunoreactive, and staining also highlighted activated microglia in surrounding tissue. Immunohistochemical staining for viral antigens including HSV-1 and HSV-2 were negative. No HSV-1 DNA was detected in the brain tissue using PCR analysis of paraffin sections. However, the neuropathological findings raised a high possibility of chronic granulomatous HSV encephalitis (Fig. 5 ).
Postoperative Course
The patient's postoperative course was uneventful. Her EEG recordings 6 months after surgery demonstrated the resolution of spikes and seizures (Fig. 6 ). There was significant improvement in her aggressive and impulsive behavior. Her attention span improved. She has remained seizure free with stable EEG findings for the last 8 years. Her parents opted for clobazam to prevent potential seizure recurrence in the future. Postsurgery brain MRI demonstrated removal of the right temporal lobe (Fig. 7) .
Two months before and 8 months after the epilepsy surgery, neuropsychological assessment was performed using the Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV) to evaluate her cognitive abilities. Prior to surgery, Full Scale IQ (FSIQ) was 81, processing speed 83 (13%), working memory 83 (13%), and perceptual reasoning 73 (2%). Following surgery, FSIQ increased to 88, processing speed to 97 (42%), and working memory to 91 (27%). Overall cognitive profile on the WISC-IV represented an increase in functioning from low-average to average range. Her visual memory improved from impaired range to average range after surgery, although her immedi- ate recall remained in the impaired range. As regards her behavior, the patient exhibited disinhibition and impaired attention and concentration before surgery. After surgery, her impulsive behavior improved and the application of Conners' Continuous Performance Test demonstrated no evidence for a diagnosis of attention-deficit hyperactivity disorder.
Discussion
Herpes simplex virus encephalitis is generally an acute monophasic disease in which late relapses are uncommon. Rarely, the HSV infection leads to a chronic progressive encephalitic disease that usually manifests with intractable seizures and progressive neurological deficits with or without evidence of HSV in the CSF. 1, 6, 10 To the best of our knowledge, 11 patients with chronic granulomatous encephalitis following an initial diagnosis of acute HSV encephalitis have been reported; however, the exact prevalence of such cases remains unknown. Neuropathological examination of brain tissues is required for the diagnosis of this disease, which is characterized by granulomas consisting of epithelioid macrophages and large multinucleated giant cells that are surrounded by mononuclear inflammatory cells with a prominent plasma cell component, chronic inflammation, and gliosis with extensive mineralization.
1,4,6,7,10,13,18 Chronic granulomatous encephalitis associated with HSV infection generally presents with a biphasic course in older children. 1, 6, 10, 18 Viñas et al. 18 described a previously healthy girl who developed HSV-1 encephalitis at the age of 8 years old. After remaining asymptomatic for 8 months, she began to complain of intracranial hypertension symptoms such as headache, vomiting, diplopia, and bilateral papilledema. One year later, a neuropathological study revealed chronic granuloma with giant cells, gliosis, and calcification, which was diagnosed as chronic granulomatous encephalitis.
A monophasic course of chronic HSV-1 encephalitis is described in younger children. Four infants who had been diagnosed with HSV encephalitis when they were neonates later developed multicystic encephalomalacia. 4, 7, 10, 13 This entity suggests that granulomatous HSV encephalitis in infants develops in a different, more severe way. In the literature, there is an apparent history of HSV encephalitis in infancy and a years-later presentation of intractable epilepsy, which can easily be attributed to encephalomalacia as a result of the initial HSV encephalitis (Table 1) .
We believe that our case represents a monophasic course of HSV-1 encephalitis with the development of focal epilepsy when she was 2 years old as a result of the HSV-1 encephalitis. The negative PCR result for HSV infection ruled out the possibility of recurrent HSV encephalitis presenting with a biphasic course. Therefore, the patient's clinical deterioration along with her behavioral problems and academic difficulties was attributed to frequent electrographic seizures and the development of ESES over time.
Although the underlying explanation for the chronic granulomatous encephalitis in our patient remains unclear, growing evidence in the literature suggests the role of inflammation in epileptogenesis. 11, 17, 19, 20 Precipitating insults such as trauma, stroke, CNS infections (for example, HSV encephalitis), and autoimmune disorders result in the activation of brain parenchymal cells, endothelial cells of the blood-brain barrier (BBB), and leukocytes. These cells produce and release inflammatory mediators in the brain. Cytokines and danger signals (endogenous ligands released by damaged or stressor-activated cells) induce inflammatory molecules responsible for the direct activation of glial or neuronal signaling pathways and BBB breakdown. Inflammatory mediators can activate neurotransmitter release and glutamate receptors leading to increased neuronal excitability. Immunoglobulin G/albumin extravasation in the brain following BBB breakdown can activate inflammatory signals and contribute to the generation of seizures and cell death, which activate further inflammation, thus establishing a vicious cycle contributing to the development of epilepsy. 17 Recently, inflammatory markers have been shown to be associated with ESES in 11 children.
14 Furthermore, HSV triggers Toll-like receptors (TLRs), which are critical for antiviral immunity. 19, 20 The TLR signaling pathways are prototypical inflammatory pathways activated in response to pathogens (HSV) or danger signals. 17 In particular, TLR3 is expressed in the CNS, where it is required to control HSV-1. 19, 20 Therefore, TLR3 signaling defects are specific for susceptibility to HSV-1 encephalitis. 11 However, it remains unclear whether TLR3 signaling defects also create a predisposition for chronic granulomatous encephalitis.
Despite the remission of clinical seizures, our patient 16 Behavioral deterioration is a common clinical feature of ESES, often including hyperactivity, aggression, emotional lability, poor peer relations, and autistic behavior. Treatment options for ESES include antiepileptic drugs (valproic acid, ethosuximide, levetiracetam, benzodiazepines), intravenous immunoglobulin, oral corticosteroids, and ketogenic diet. 2, 3, 16 While the medical treatment of ESES has been disappointing in terms of achieving long-term remission, the disorder may initially respond to antiepileptic drug treatment, although relapse can occur.
Despite the indication of underlying symptomatic and focal origin, resective epilepsy surgery is underutilized for patients with drug-resistant ESES. Patients with congenital or perinatally acquired lesions can present with ESES without any persistent focal abnormality despite a history of focal seizures and epileptogenic lesion. Therefore, epilepsy surgery is not often considered by caregivers and treating physicians in the absence of clear epileptic focus on EEG. The pathophysiology of EEG findings of ESES remains unclear; however, the location, etiology, underlying pathology, age at the time of injury, and size of the lesion may be relevant to explain complex EEG features. 5, 9 Recent clinical reports describing the role of epilepsy surgery for ESES are encouraging in terms of the outcome. Clinical review of 575 patients presenting with ESES demonstrated that epilepsy surgery is the most effective treatment modality when a structural lesion is present. 15 The results of another study supported this observation, reporting seizure freedom and resolution of ESES in 10 patients with a unilateral brain lesion. 9 Resective epilepsy surgery including lobectomy or lesionectomy were beneficial for the resolution of EEG findings and cognitive function. Disconnective surgical procedures such as hemispherectomy and corpus callosotomy are effective for extensive unilateral or bilateral brain abnormalities acquired during the perinatal period. 8, 12, 15 Recent clinical reports have highlighted the importance of epilepsy surgery for a good clinical outcome even in the presence of bihemispheric or generalized spike discharges accompanied by an epileptogenic lesion.
Conclusions
In summary, HSV-1 encephalitis is an acute CNS infection; however, it can cause a chronic disease in children. Following the initial clinical recovery with treatment, focal epilepsy and epileptic encephalopathy can develop over time and often remain refractory to antiepileptic drug therapy. In only a few patients, chronic granulomatous changes have been reported during the clinical course. Progressive changes in EEG recordings and seizures may alter neurodevelopment and behavior. Our patient's clinical history highlights 1) the potential role of chronic granulomatous inflammation associated with epileptic encephalopathy years after the diagnosis of HSV encephalitis and 2) the reversible course of epileptic encephalopathy accompanied by ESES following resective epilepsy surgery in the presence of symptomatic etiology.
